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Abstract: 
 
A large body of Catherine Ennis’s work is focused on physical education curriculum 
development. Her approach to curriculum development is unique in that it is completely based 
on research evidence. The curricula she developed have been field-tested and the completed 
curriculum is supported with solid research evidence to demonstrate its efficacy in student 
learning and teacher ease of use. The purpose of this article is to provide an overview and 
explore opportunities to continue large-scale physical education curriculum intervention studies. 
The authors first provide a brief review of previous intervention studies by summarizing the 
findings and discussing implications. They then discuss potential future intervention studies by 
presenting several topics that are being explored by researchers in current interventions. Finally, 
they focus on methodology issues involved in designing effective curriculum intervention studies 
with the idea of adaptive designs as variations of the randomized clinical trial design. 
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Article: 
 
Emerging knowledge of most worth needs to be integrated into the praxis of our discipline 
through educational reform and intervention. As a curriculum theorist and researcher, Catherine 
Ennis contributed much knowledge and evidence that can be used to guide future work in 
curriculum development and curriculum research. Her scholarship not only has demonstrated 
what can be accomplished in theory and practice but also has established influential foundations 
from which future curriculum intervention research can be launched. Curriculum interventions, 
as a means to generate new knowledge, can bring about both behavioral and programmatic 
change. Understanding the ecology of physical education and the didactic interactions within the 
space of curriculum, scholarship is the primary path forward to curriculum innovation. Through 
a combination of program elements, strategies, and feedback mechanisms designed to create 
behavior change in a targeted population, large-scale curriculum interventions with multiple 
variables involving diverse communities and schools can lead to policy changes, refine 
educational practice, and enhance the learning environment. In other words, curriculum 
interventions can make a difference. 
 
The National Institutes of Health (2018) recently asserted that “an intervention is defined as the 
manipulation of the subject or subject’s environment for the purpose of modifying one or more 
health-related biomedical or behavioral processes and/or endpoints” (p. 1). There have been 
several physical education interventions during the past 30 years. In this paper we review health-
related interventions that have taken place during physical education instruction and provide 
thoughts for future interventions. We attempt to center our writing on Ennis’s idea of curriculum 
transformation as she elegantly elaborated in her last lecture (Ennis, 2017a) to highlight her 
emphasis that intervention is transformative physical education: 
 
Transformative PE [physical education] provides physical activity content within a 
nurturing and motivating environment that can change students’ lives. It focuses on PE 
students’ role in cognitive decision making, self-motivation, and their search for personal 
meaning that can add connection and relevance to physical activities. (p. 241) 
 
In the following, we first provide a general review and critique of large-scale intervention 
studies. The review is not meant to elaborate various findings and significance but rather to lay 
out the landscape of this type of research in school settings. Second, we discuss future directions 
of intervention research to highlight areas where intervention research may enhance our 
collective knowledge about physical education and physical activity programming. Last, we 
focus on the possibility of applying adaptive randomized clinical trial (RCT) designs to aid the 
efficiency and efficacy of our intervention research. We believe that the information in this paper 
will contribute to continuing the legacy of Catherine Ennis. 
 
The Landscape of Physical Education Intervention 
 
From seminal research to targeted populations, there have been interventions that effectively 
increased physical activity of children during physical education, as well as beyond class time. 
Many of these interventions included nutrition and physical activity (Brown & Summerbell, 
2009). This section highlights some, but not all, of the successful interventions that had a 
significant impact on student and teacher health-enhancing behaviors. We excluded intervention 
studies by Ennis and her colleagues to avoid duplications. Readers are referred to the preceding 
paper in this special issue of Kinesiology Review by Sun and Zhang. Inclusion criteria for study 
selection were robust scientific methodologies, evidenced-based physical education curricula, 
dynamic treatment plans, and the use of team science (see Brown & Summerbell, 2009, for a 
complete review). 
 
The Child and Adolescent Trial for Cardiovascular Health 
 
The Child and Adolescent Trial for Cardiovascular Health (CATCH), a 3-year RCT, was 
conducted in 56 intervention and 40 control schools. It was a historic first step in National 
Institutes for Health funding of school-based interventions that united educational and public 
goals (Luepker et al., 1996). Process evaluation data revealed a high investment by teachers, 
staff, and physical education specialists in places where certification to teach physical education 
content was not required, such as in California. The Eat Smart and CATCH PE curricula were 
compatible with the needs of elementary school children and were considered easy to implement 
(Perry et al., 1997). With reductions in school-lunch fat content and increases in moderate to 
vigorous physical activity (MVPA) during physical education, this seminal research confirmed 
the feasibility, fidelity, and (eventually) sustainability of school physical activity interventions 
(Hoelscher et al., 2004). CATCH employed an interdisciplinary approach to deliver the Hearty 
Heart & Friends curriculum in third grade and the Go for Health curriculum in Grades 4 and 5. 
The final essential component that continues in schools today is Family Fun Nights, where 
themed events like Zumba, Bike & Broccoli emerge. At this event Safe Routes to School, a local 
Zumba instructor, and the school district’s nutritional services provide opportunities for children 
and their families to learn about safe, active transportation; participate in physical activity; and 
taste fresh vegetables. 
 
Sports, Play and Active Recreation for Kids 
 
Initially, Sports, Play and Active Recreation for Kids (SPARK) targeted fourth- and fifth-grade 
students using an RCT design where students were randomly assigned to specialist-led, 
classroom teacher–led, or physical activity leader–led (active control) physical education 
conditions. The study revealed promising results of increased health-related fitness (Sallis et al., 
1997). Significantly higher aerobic and muscle fitness were demonstrated in classes led by 
specialists, thus providing evidence that credentialed, certified professional physical educators 
can produce significantly better health-related fitness benefits in physical education than 
noncredentialed teachers or physical activity leaders. Students in the intervention conditions 
received approximately twice as many minutes of physical education per week as the active 
control group. A follow-up comparison of student academic achievement confirmed, however, 
that the additional time spent in physical education does not inhibit, but in fact may benefit, 
academic achievement (Sallis et al., 1999). A year and a half after the initial intervention, 
credentialed specialists were removed and there was a substantial loss in lesson quality and 
physical activity participation by the students (McKenzie, Sallis, Kolody, & Faucette, 1997). The 
results again confirmed the unique contribution of certified physical educators to the quality of 
physical education and student health and academic benefits. Today, SPARK remains a viable 
physical education program focused on increasing children’s physical activity and physical 
fitness in many schools. 
 
Lifestyle for Education Activity Program 
 
CATCH and SPARK focused their interventions on elementary-school-age children but did not 
address a critical time when adolescent females were dropping out of physical activity 
participation in large numbers. The Lifestyle for Education Activity Program (LEAP), a school-
based physical activity intervention targeting high school girls, included dance, aerobics, and 
weight training with a focus on enhancing self-efficacy through self-regulatory strategies 
(i.e., goal setting, time management, identifying barriers, and self-reinforcement). Intervention 
schools demonstrated significant increases in vigorous physical activity (Saunders, Ward, Felton, 
Dowda, & Pate, 2006). Dishman et al. found that enjoyment of physical activity participation 
(2005) and improved self-efficacy toward physical activity engagement (2004) influenced the 
rate and intensity of physical activity participation. Environmental factors (i.e., having a school 
physical activity team, family involvement, and physical activity opportunities outside of school) 
were also found to be influential. It was concluded that the use of a comprehensive school 
physical activity program (CSPAP) approach (i.e., offering physical activity opportunities across 
five points of intervention of physical education, before or after school, during the school day, 
staff involvement, and community engagement) was likely a future direction, although not 
specifically expressed as such initially (Saunders et al., 2011). 
 
Concept-Based Physical Education 
 
Ennis’s research teams at the University of Maryland and University of North Carolina at 
Greensboro conducted several large-scale, longitudinal curriculum intervention studies. Most 
noticeable are Science, PE, & Me! for elementary schools and The Science of Healthful Living 
for middle schools. As can be seen in Sun and Zhang (2018), the findings highlighted an original 
critical discovery that changing children’s cognitive understanding of the mechanisms and 
benefits of physical activity from a scientific knowledge perspective can be a critical precursor 
for eventual behavior change. The findings also revealed the power of a well-designed physical 
education curriculum on physical activity knowledge development and behavior change. The 
curricula were designed following the constructivist learning theories and conceptual change 
models to help physical education students construct knowledge by investigating how their 
bodies respond to exercise with physical activity tasks. In her award-winning paper, Ennis 
(2015) argued that to become physically literate an individual must possess the skills and 
knowledge to perform individually meaningful physical activity tasks with confidence. Evidence 
from her intervention studies supports the proposal that the curricula can help students 
accomplish just that. 
 
The CSPAP-Based Intervention Movement 
 
Ennis had argued for a long time (see Chen, Shen, & Zhu, 2018) that the ultimate goal of 
physical education is to help children develop and sustain lifelong healthful lifestyles with 
physical activity as a major component. She agreed that implementation of a CSPAP could be a 
chance to transform and strengthen physical education to include mindfulness, motivation, and 
meaningfulness (Ennis, 2017a). CSPAP is an approach where the physical education teacher 
collaborates with others to provide opportunities for physical activity in schools whenever and 
wherever appropriate. In this context, knowledge is the foundation of this approach, as teachers 
must identify and select the most appropriate content and deliver the information to students 
situated in the school environment beyond physical education (Ennis, 1994). 
 
CSPAP acknowledges that health benefits such as increased physical fitness and positive affect 
toward physical activity are gained through participation, before, during, and after school. Early 
indications are that a CSPAP affects the health of children and specifically at-risk children. 
Evidence has shown that after participation in a 36-week physical activity intervention, 217 
school-age children from low-income schools had reduced LDL cholesterol (Burns, Brusseau, & 
Fu, 2017). Children (N = 1,390) demonstrated increased MVPA and aerobic fitness, as well as 
increased odds of meeting the daily physical activity recommendation of 60 minutes of 
participation (Brusseau, Hannon, & Burns, 2016). 
 
Large-scale physical education interventions have been proposed and conducted. For example, 
from a socioecologic public health perspective, the Health Optimizing Physical Education 
(HOPE) curriculum model is proposed “to help P-12 students acquire knowledge and skills for 
lifelong participation in the physical activity for optimal health benefits” (Metzler, McKenzie, 
van der Mars, Barret-Williams, & Ellis, 2013, p. 41). One advantage of the HOPE curriculum is 
a simultaneous focus on both the individual and the environment. To implement the strands of 
the HOPE curriculum requires new content and pedagogical content knowledge for the teachers 
(Beighle, Erwin, Castelli, & Ernst, 2009). Knowledge is the foundation of teacher expertise, as 
teachers must identify and select the most appropriate content and deliver this information to 
students situated in a given environment (Ennis, 1994). 
 
The Healthier Children Learn Better initiative is another example. Health proxy outcomes of a 
standards-based physical education curriculum, such as improved physical fitness, may resonate 
with school administrators because healthier students are better learners (Basch, 2011). Health 
problems play a major obstructive role in academic learning, especially in urban, low-income 
schools where the clustering of health risk factors is prevalent. These factors frequently lead to 
school absenteeism, acute and chronic illness, and lack of self-esteem. Evidence has begun to 
show that participation in school physical activity could help reduce and reverse the impact of 
these risk factors (Janssen & LeBlanc, 2010). Basch (2011) has argued that school reforms 
should include CSPAP approaches to physical education and physical activity across the 
curriculum to improve teacher effectiveness, policy development, and opportunities to reduce the 
impact of health-risk factors. 
 
CSPAP approaches also acknowledge the incremental benefits of physical activity participation 
and its contribution to academic learning. Some physical activity, even if not moderate or 
vigorous, matters to academic achievement and grades as shown in evidence comparing 
achievements of students enrolled in physical education with those of students who were not 
(Coe, Pivarnik, Womack, Reeves, & Malina, 2006). A 10-year RCT study called Fitness 
Improves Thinking (FITKids) offered a physical education curriculum in an after-school setting 
to overcome the limitations of a state mandate requiring daily physical education. Schools 
provided physical education class every weekday for all students, but to do so, the teachers were 
only able to provide 20 minutes of class time, with even less time for instruction and physical 
activity engagement. The FITKids program was accessible immediately after school for 2 hours 
with an average of 70 minutes spent in MVPA. Game-like fitness stations (e.g., partner push-ups, 
rock-paper-scissors-go) were used as an instant activity on arrival at the gym. The first 40 
minutes were spent in MVPA and were followed by a healthy snack and health tip of the day. 
The remainder of the time was spent on motor-skill practice and modified game play of the sport 
for that instructional unit (i.e., approximately 10 lessons or 2 weeks per unit). The 9-month 
intervention improved aerobic fitness by an average of 4 ml·kg–1·min–1 over wait-list control 
children. An average of 70 minutes was spent in the target heart-rate zone, which proved to be a 
predictor of performance on Stroop color-word executive-control tasks (Castelli, Hillman, 
Hirsch, Hirsch, & Drollette, 2011). Furthermore, the intervention significantly enhanced 
cognitive performance and brain function, particularly on tasks requiring cognitive flexibility 
(Hillman et al., 2014). A mediating factor that was implicated in this line of research was 
adiposity, as the cognitive performance of 8- and 9-year-old children was differentiated by 
overweight and obesity classification. Mechanistically, the hippocampal region has been 
implicated as a facilitator of increased memory, which can enhance learning (Monti, Hillman, & 
Cohen, 2012). 
 
In summary, evidence-based physical activity interventions in- and outside of physical education 
have multiple beneficial effects on student and teacher behavior and physical and cognitive 
health. At issue is reach. Despite the success stories of such interventions, there is a failure to 
diffuse the innovation (Glowacki, Centeio, Van Dongen, Carson, & Castelli, 2016). Since the 
total number of physical activity opportunities provided by a CSPAP can be predicted by a 
teacher’s health-promotion efforts and physical activity engagement, health-promotion strategies 
should be part of teacher education, given the importance of physical activity participation for 
children’s health and academic development. 
 
Future Directions 
 
Ennis was an optimistic, futuristic curriculum theorist. Her scholarly writings transcend 
curricular realities, enlighten a bright future for physical education, and encourage fellow 
researchers to pursue optimal outcomes of their scholarly work. She acknowledged the 
complexity of curriculum interventions but held a strong belief that curriculum intervention 
research is the only effective way to accomplish successful physical education reform (Ennis, 
2013). Effective curriculum intervention should purposefully destabilize the status quo, empower 
teachers, change the curriculum and the environment it creates (incrementally), and produce 
student success. Ennis’s theorizing work is consistent with the ongoing work of many curriculum 
scholars around the world. Next we highlight a few projects that have created or are creating a 
trend for future interventions. Then we discuss future directions in terms of curriculum 
intervention research methodology. 
 
Community-Based Participatory Research 
 
It is logical to acknowledge that promoting healthful and active lifestyles in children takes effort 
and support from all segments of a society. Stakeholders in the community have vested interests 
in developing a healthy generation of young Americans. In the meantime, any stakeholder can be 
a change agent and, as such, should have a voice in this collective effort. Community-based 
participatory research (CBPR) projects have created a trend to involve unconventional 
participants in the intervention research process. For example, the W.K. Kellogg Foundation’s 
Community Health Scholars Program (2001) has developed a CBPR as 
 
a collaborative approach to research that equitably involves all partners in the research 
process and recognizes the unique strengths that each brings. CBPR begins with a 
research topic of importance to the community with the aim of combining knowledge and 
action for social change to improve community health and eliminate health disparities. 
(p. 2) 
 
The project is not considered a new method of data collection. Instead, it represents a shift in the 
fundamental thinking about how to generate knowledge to inform the research community and 
beyond (Wallerstein, Duran, Oetzel, & Minlker, 2018). Grounded in culture-centered research 
methods (Dutta, Anaele, & Jones, 2013; Ennis, 1998) and reflexive practice (Muhammad et al., 
2015), the project is well aligned with educational and, more specifically, physical education 
health-oriented goals. 
 
CBPR uses real-world issues to develop theory and novel instructional strategies for practice. 
Although physical education teachers may deliver recreational, public health, or educational 
programs, there are common elements of effective teaching, such as the use of instructional time 
and the learner’s application of feedback (Ennis, 2017a). Because student learning must be the 
priority, understanding how students mediate teacher and peer feedback and apply this 
information to their own behavior is paramount. CBPR interventions would consider all voices 
(e.g., administrators’ concern about the use of instructional time, teachers’ programmatic 
philosophies, and students’ attitudes about the application of feedback), through either a direct 
collection of their perceptions or case studies. As such, the CBPR approach has merit in the 
physical education context. 
 
Developmental Evaluations 
 
Innovation can be chaotic and complicated (Ovens, Hopper, & Butler, 2013); however, it creates 
opportunities to make programmatic modifications because applying complex concepts in 
undefined environments has the highest potential for social change (Patton, 2010). Unlike a 
traditional RCT that might take years to enact and then influence curriculum, programming, and 
behaviors, a developmental evaluation intervention is a continuous, real-time facilitation of 
change. If something is ineffective and not producing the desired results, then the 
researcher/teacher leaders can deviate from the plan and apply new, more relevant strategies. In 
research supported by the J.W. McConnell Family Foundation, a practitioner-friendly 
developmental primer was created to introduce this process and provide tools for supporting its 
use in educational settings (Gamble, 2008). Compared with interventions relying on traditional 
formative (i.e., process) and summative program evaluations (i.e., product), a developmental 
evaluation intervention is highly responsive to complex situations focused on early innovations 
that still need to confirm feasibility and proof of concept. 
 
Developmental evaluation is best suited for a novel and complex intervention because it might 
not be appropriate for all contexts and all stages of an intervention. Developmental-evaluation-
based interventions could be applied to physical education when we want to understand the 
effects of a new curriculum. As the lessons unfold in physical education classes, there could be 
changes made to the instructional strategies or revised content provided to the learners. For 
example, if students struggle to understand the meaning of the word calorie, one could refer to 
the research Ennis and her colleagues on the formulation of mental models (Pasco & Ennis, 
2015; Zhang, Chen, & Ennis, in press) and consider using a constructivist approach to teaching 
to enhance student learning (Zhang et al., 2014). 
 
Interventions using approaches such as CBPR and developmental evaluations may be useful to 
intervene as student mental models are discovered. Such interventions have value because they 
provide evidence of feasibility, practicality, and validity. CBPR and developmental evaluation 
approaches could help proactively alleviate some challenges and reduce limitations from 
interventions. Interventions, mainly those not well aligned with the educational context, may 
face challenges from programmatic problems (e.g., ineffective teaching, a lack of resources or 
administrative support) or health disparities (e.g., differences in school resources and 
effectiveness within the same district, a clustering of health and environmental risks). An 
intervention may exacerbate these issues. Although ethically intended, an intervention when 
conducted from a top-down organizational structure can widen the divide in racial, financial, and 
gender inequities. Understanding the worth of an intervention might be distorted by exploratory 
data suggesting that students in a given situation did not benefit from the program. Adopting 
CBPR and/or developmental evaluation approaches will provide opportunities for all 
stakeholders, especially those who are underrepresented, to have their voices heard and acted on. 
 
A critical question for future physical education/activity interventions might be how we can 
increase the reach and impact of the practical instruction by some teachers and teacher 
educators. We argue that creating opportunities to improve the health and engagement of 
children lies in harnessing our entrepreneurial spirit and creative thinking, not just the survival of 
physical education, but more the theoretical and practical ways to meet the needs of children in 
culturally and economically diverse settings through learning experiences within a 
transformative curriculum. There are emerging approaches to intervention that should extend our 
scholarly thinking in such ways. These approaches are embraced by many stakeholders in- and 
outside schools. Among them, team-science approaches are perhaps the most relevant for 
physical education researchers who are interested in large-scale, high-impact curriculum 
intervention research. 
 
Team Science 
 
Team science has been defined as “scientific collaboration, i.e., research conducted by more than 
one individual in an interdependent fashion, including research conducted by small teams and 
larger groups” (Cooke & Hilton, 2015, p. 2). Team-science-based interventions rely on scholars 
from disparate disciplines to work simultaneously to lend their expertise to solve a single 
common problem that affects multiple stakeholders and societal sectors, such as physical 
inactivity and its consequences in children. Large-scale school program interventions often adopt 
this approach. For example, CATCH and SPARK used similar approaches; so did Ennis’s 
Science, PE and Me! and The Science of Healthful Living interventions. 
 
Using the team-science approach challenges physical education researchers to abandon the 
unidisciplinary approach where they work alone or with another scholar in a single discipline. 
Instead, educational researchers should have already begun to embrace multidisciplinary and/or 
interdisciplinary frameworks because transdisciplinary research has a more in-depth integration 
of theories, frameworks, and models that transcend any single discipline. As demonstrated in the 
research mentioned herein, team science has the potential to generate breakthroughs and 
profound knowledge that would not otherwise be possible without the collective expertise of the 
team. This is because, as outlined by the National Research Council’s paper on team science 
(Cooke & Hilton, 2015), the approach permits an inclusive conceptual model for solving a 
problem, purposefully incorporating diverse knowledge and skill sets from member researchers 
and practitioners, opportunities for team members to learn together, and a network of researchers 
and practitioners with a common goal. These characteristics provide an environment for the team 
to engage in an in-depth level of collaboration and trust needed to solve large-scale problems and 
generate high-impact solutions. 
 
An advantage of the approach is to allow researchers to disseminate research findings most 
meaningful not only to their own disciplines but also to sister disciplines. Publishing deeply 
integrated research findings and best practices from multiple disciplines can have a profound 
impact on scholarship and practice. It can lead to revolutionary changes in science, research, and 
practice. Most physical education researchers continue to publish primarily within our discipline. 
May be it is time that we acknowledge the importance and interdependence of collaboration both 
within and beyond our discipline of physical education. Perhaps it is the time for us to reach out 
and embrace research in public health and STEM (science, technology, engineering, and 
mathematics) education as Ennis and others have done. 
 
Team-science approaches are not without challenges and limitations. The increased size of the 
research team with collaborators from different disciplines may inhibit effective communication. 
Different research goals and expertise mean the use of various measurement and analytic 
methodologies. Shared governance and research administration/management must be adopted in 
large-scale interventions to facilitate decision making. Science teams sometimes suffer from 
competing goals and thus are ineffective in addressing global problems through various 
theoretical positions and methodological approaches. To overcome such challenges, the team of 
researchers must be proactive and invest in developing procedures at the onset of the project. 
Irrespective of the complexities of identifying and assembling a scientific team and carrying out 
new methodologies, the benefits far outweigh the potential limitations. The team-science train 
has already left the station and we need to find a way to jump on at the next stop. 
 
Sound Research Methods as Key for Success 
 
Successful intervention research generates actionable findings meaningful for scholars and 
practitioners alike. Its success relies heavily on research teams using robust research 
methodologies. Conducting large-scale intervention studies in schools is full of challenges. 
Physical education is not a tested subject in schools and for that reason is often marginalized 
with limited resources and support (Ennis, 2006; Harris, 1981). It is typical that an elementary 
physical education teacher works in isolation and teaches multiple large classes, only seeing a 
particular class once or twice per week. This often affects the morale and motivation of 
researchers, as well as participants, in a research project. Thus, interventions are difficult to carry 
out in schools. In addition, robust research methodologies and current research approaches 
require random assignment to different treatment conditions, which may go against ethical 
practices that necessitate an equal opportunity for all students to benefit from new or revised 
programs. The randomization required in RCTs has been considered another barrier because of 
the difficulty in random selection and assignment of participants in school settings. In this light, 
it is common for educational researchers to encounter conflicts between scientific rigor and what 
is ethically right for children in school-based research. 
 
There are recent developments in the research design field that address such issues. Variations of 
traditional designs, such as counterbalanced treatment/nontreatment sequence, staggered 
treatment/control sequence, and cluster randomization, have been employed in educational 
settings (Thomas, Nelson, & Silverman, 2015), but such strategies are limited in addressing 
some fundamental problems, especially those related to samples, sampling, and intervention 
flexibility associated with RCT designs. Most school-based intervention studies are longitudinal 
and require randomization with control conditions for findings to be robust (U.S. Department of 
Education, 2003). Given these issues, the rigidity of RCT designs may result in a high cost of 
intervention implementation and data collection with results that might not be relevant (e.g., the 
issue of control vs. ecological validity). Scholars frequently using RCTs have begun to raise 
questions and solutions to address these problems. 
 
One variation of RCT is called adaptive design, which has become a mainstream RCT method in 
the past decade (He, Pinheiro, & Kuznetsova, 2014). Adaptive designs were developed at the 
beginning of this century to address the problem of the higher failure rate of confirmatory trials 
in new clinical treatments (interventions). Attempts were made to pursue design solutions to 
allow disruption of group sequential comparison to stop a study early if the results showed 
efficacy or failure of a treatment and allow sample-size reestimation in terms of the interim data 
to either increase or decrease sample size in the midst of an experiment. After over a dozen years 
of examination on many issues associated with these solutions, several design models are 
available for researchers. Although these models were developed in medical research 
communities, they are appropriate and relevant for educational intervention research, as well. We 
now briefly discuss a few relevant ones. 
 
The adaptive randomization design allows researchers to change the intervention randomization 
probabilities during an ongoing study. It is based on the assessment of the covariates’ balance 
obtained at the prescreening stage to prospectively balance participants’ (individual, class, 
school) profiles in different intervention (treatment) conditions while still maintaining 
randomization. This applies to intervention studies where multiple intervention strategies are to 
be assessed within a sample. 
 
The group sequential design has a long history and is considered “gold standard” in large-scale, 
longitudinal intervention studies. Researchers assess interim data to monitor the efficacy of the 
intervention for decisions to discontinue it due to clear interim evidence either that the 
intervention does not work in favor of participants or that benefits are outweighed by harm. The 
design requires establishing appropriate analysis using repeated-measures analyses on interim 
data to aid decisions with Type I error well controlled. Procedures such as the error-spending 
function (Lan & DeMets, 1983) allow flexibility for the number and timing of interim data 
analyses. Specific variations from the design are available to allow for an open-end design where 
an end point of the intervention is difficult to determine at the planning stage, or a customized 
intervention that requires interim assessment on the satisfaction of specific interim (formative) 
goals. 
 
Sample-size reestimation designs allow researchers to resize the sample based on emerging 
interim data. These designs can save resources and expedite the intervention. The designs can be 
applied to both blinded and unblinded RCT settings. When planning for a blinded intervention 
study, the researcher plans to assess key nuisance parameters (error variance for continuous data, 
the response rate for binary data and other data) for interim decisions on modifying sample sizes 
with little impact on the Type I error rate. In an unblinded study, the researcher plans to 
statistically test the intervention (treatment) effect interim to assess statistical power needed in 
the subsequent phases of the study. The results can aid in sample-size adjustment decisions. 
 
Adaptive designs, however, are not meant to replace or eliminate the RCT design. On the 
contrary, they strengthen them. The rapid development of these designs has provided us with 
alternative ways to improve the quality and trustworthiness of our intervention research. 
Adopting these designs requires substantial “retooling” of our methodology knowledge and skill 
set (Ennis & Chen, 2014). At a time when data integrity and rigor are paramount in determining 
whether an intervention can and should be implemented, the stakes and benefits are high in 
future physical education intervention studies. Ennis had envisioned the challenges on the 
horizon and encouraged physical education researchers to meet the challenge of improving 
children’s quality of life through achieving learning goals in schools (Ennis, 2017b). She set an 
example for physical education researchers by scaling up her research agenda in the last 20 years 
of her career. She would certainly be hopeful that we will continue on this path. 
 
Epilogue 
 
Each of us has known Cathy Ennis for a long time but in different capacities. She inspired us in 
so many ways. Recalling our own career paths, we feel in debt to her teaching, mentoring, 
encouragement, and friendship. Ennis’s scholarship was rooted in physical education and in 
schools. Her insights, especially those about large-scale, school-based curriculum intervention 
studies, will continue to inspire us to pursue high-quality work in the future. We are grateful 
that Kinesiology Review is publishing this special issue to honor her legacy. 
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